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Introduction
Reactions isolating oxygen free radical reactions have 
been known for twenty years. Their only significance was 
thought to be in the conversion of hypoxanthine to xanthine 
and then to uric acid in the mechanism of overproduction of 
purine nucleotides in the congenital deficiency of 
hypoxanthine-guanine phoshoribosyltransferase (1). An 
unusual feature of the pathway, however, is that oxygen 
could be reduced by either four electrons which would 
directly convert oxygen to water, or by sequential additions 
of single electrons. Interruption of the process results in 
the production of the superoxide anion [G2~] (2).
In 1969, McCord and Fridovich showed that the reaction 
converting the superoxide radical to water was catalyzed by 
an enzyme which they named superoxide dismutase [SOD] (3):
O2 + O2 + 2H+ -> H2 O2 + O2
This enzyme contained copper and zinc.
A year later, they discovered a mitochondrial form of SOD, 
containing a manganese instead of the copper prosthetic 
group (4). Reduction of oxygen to water in the mitochondria 
occurs by two pathways. Ninety-five percent of the 
reactions proceed by a tetravalent pathway [the four 
electron donation] while five percent develop by the 
univalent pathway [the single electron donation which may
result in superoxide] in figure 1 (5). Removal of the 
superoxide anion was catalyzed by SOD.
The production of superoxide was first discovered in the 
etiology of Chronic Granulomatous Disease which is a failure 
in phagocytic function. After phagocytosis, fusion ;th the 
lysosome occurs which results in a "metabolic burst" in 
which high concentrations of superoxide are produced in the 
phagosome as a bactericidal agent (6). The control of the 
concentration is believed to be regulated by SOD. Also, a 
"protective effect" of SOD is being used in studies of a new 
clinical technique in the treatment of oxygen free radical 
damage associated with warm ischemia and superoxide induced 
reperfusion injury (7). Free radicals have also been 
suggested in tissue damage to the heart (8), brain (9), 
gastrointestinal tract (10), as well as being genetically 
linked with Downs Syndrome (11) and aging (12).
Obviously, the physiological functions of SOD are not 
understood. Thus, this project is the construction of an 
SOD null mutant, in which one of five null mutants of 
antioxidant enzymes will be constructed which carry a gene 
disruption of a gene which is thought to be necessary 
against "potentially cytotoxic cellar products" (J. Kaput 
personal communication). This thesis, then, discusses the 
isolation, subcloning, and gene disruption of manganese SOD.
3Materials and Methods
Fragment Isolation. The manganese SOD [MnSOD] gene was 
obtained from A.P.G.M. van Loon in the yeast shuttle vector 
PL-41 (Figure 2] (13). PL-41 was cultured in 100 ml.
aliquots and isolated according to the alkaline lysis method 
[plasmid "midi-prep" procedure] (14). The fragment, which 
comprises -568 to +1479 nucleotides of the MnSOD gene was 
liberated from PL-41 by BamHl [BRL] restriction endonuclease 
digestion. The 2048 bp. fragment was then separated from 
the vector by 1% agarose [Sigma] gel electrophoresis and the 
appropriate band isolated by the Geneclean [Bio 101] 
procedure.
Subclonino into PGem 3z~. The isolated fragment from PL- 
41 was subcloned into PGem 3z~ [Promega] vector [Figure 3]. 
The vector was digested with BamHl and isolated by the 
Geneclean procedure to prevent contamination of uncut 
vector. Once digested, the vector was dephosphorylated with 
calf intestinal alkaline phosphatase [Boehringer Manheim 
(14)]. T4 DNA ligase [IBI] was used to ligate the insert 
into the plasmid. CaCl2 was used to make competent TB1 
cells (14). The plasmid miniprep procedure was then used to 
isolate DNA and verify the proper clone [Figure 5] (14).
4Results
Fragment Isolation. Isolation of the PL-41 vector created 
more problems than expected. An average yield from 500 ml. 
of culture from the "midi-prep" procedure is from 1 to 1.2 
mg. The yield from 500 ml. of PL-41 in TB1, however, 
averaged 150 micrograms. Several changes in the protocol 
were made to try to enhance the yield. First, the volumes 
for the procedure were reduced by half. Second, the pH of 
the phenol:chlorofjrm:isoamyl alcohol mixture, which is used 
to extract proteins, was neutralized with sodium borate to 
prevent extraction of DNA into the phenol layer. Finally, 
the cultures were grown up in small aliquots [from 20 to 100 
ml,] for improved cell growth (16). These adaptations, 
collectively, proved somewhat effective in increasing the 
yield to 250 to 500 micrograms, per 500 ml. culture. 
Approximately 100 g. of the PL-41 was digested with BamHl 
with about 10 g. isolated using the Geneclean procedure.
The fragment containing SOD coding sequences was isolate and 
cloned into BamHl cut pGem 3z~.
Subcloninq into pGem 3z~. 36 colonies were "miniprepped"
and the DNA digested with BamHl and BcoRI. Clone numbers 
3,10, and 27 of the 36 clones gave the appropriate 
restriction map.
Discussion
The experiments described in this thesis were created to 
isolate a 2048 bp. fragment from PL-41 and subclone this 
fragment into pGem 3z“. The BamHl strategy was successful 
in producing three clones in which the null mutants can now 
be constructed.
The 2048 bp. fragment was removed from PL-41 for several 
reasons. First of all, there was no complete restriction 
map for PL-41. This results in a problem when trying to 
create the disruption in the gene without disrupting the 
vector. Second, the problem with isolation of enough 
fragment from the PL-41 vector might be alleviated by 
transfer to another vector. The pGem vector with the MnSOD 
fragment is only 5.3 kb. while the PL-41 vector is 9.7 kb. 
This size difference, itself, may allow easier incorporation 
of the plasmid into the TBl cells.
Future plans for the subclone are creating the gene 
disruption and the insert of the tryptophan auxotrophic 
marker as shown in Figure 4. Digestion of t.e pGem-MnSOD 
plasmid with NruI and Bglll will delete from -4 to +1793 
which is 1228 basepairs. The tryptophan auxotrophic marker 
has a Bglll end which is compatible with the vector and a 
Ba/nHI end which will be Klenow repaired with DNA polymerase
I. This will fill in the BamHl end and it will be
compatible with the NruI end, which is a blunt cutter. Once 
the disruption is constructed, the vector will be linearized 
and transformed into yeast. The cells will be cultured on 
plates with no tryptophan as to select for the appropriate 
disruption. With the null mutant constructed and 
transformed into yeast, several experiments can be conducted 
to discover how essential this gene is to the organism. By 
growing cells under different environmental conditions, RNA 
can be isolate and Northern blot produced to examine 
transriptional regulation. Also, damage to nuclear DNA by 
the absence of MnSOD will be examined by using a rcvertibie 
marker (J. Kaput, personal communication). The effect of 
the null mutant on protein translocation will also be 
examined by observing each step of how proteins are imported 
into mitochondrial membranes. Other experiments involving 
the other 4 oxygen null mutants will be conducted by 
construction of double and triple mutants.
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Joining a lab can always be considered a gamble when one 
considers that: one will spend a majority of time with its 
members. I can only hope that the next time I join a lab 
that 1 will be as lucky as I was this time as to have people 
who take their own time to give sometimes long and 
repetitious explanations to "the undergrad". I wish to 
thank Denise Kkberg, Sandy Kirchner, Beth Jewel, Teresa 
Prussak-Wiekowska, and Wes Jennings for their explanations 
and aid in running experiments. A special thanks is 
extended to Marietta Piattoni for all the time she has spent 
in helping this undergrad in becoming "lab literate". Last 
but not least, I would like to thank Jim Kaput for allowing 
me to learn and prove what, I believe, he already knew:
That you don't have to be a genius to do research, but you 
have to be determined.
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